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(57) ABSTRACT

An o1l mist management system includes a machine tool, an
o1l mist concentration measuring apparatus for measuring
concentration of o1l mist, and a flow meter for detecting the
flow rate of coolant, 1n each of a plurality of areas. A data
processing apparatus determines whether distribution of the
o1l mist in the plurality of areas 1s normal or abnormal on an
area-by-area basis, based on the concentration of the o1l mist
and the flow rate of coolant 1n each of the plurality of areas,
and 1dentifies an abnormal area. Further, the o1l mist man-
agement system notifies a user of the abnormal area by an
output device.
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OIL MIST CONCENTRATION
MANAGEMENT APPARATUS, OIL MIST
MANAGEMENT SYSTEM, AND OIL MIST
MANAGEMENT METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2016-176491
filed on Sep. 9, 2016, the contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mnvention relates to an o1l mist concentration
management apparatus, an o1l mist management system, and
an o1l mist management method for managing a state of oil
mist generated 1n a factory.

Description of the Related Art

Machine tools (metal machining devices) for metal
machining are used to blow cutting fluid onto workpieces in
machining (cutting), etc. to thereby improve the lubricating
performance of the tools, prevent generation of dust, and
cool the tools and/or the workpieces, for example. There-
tore, o1l mist (cutting fluid 1n the form of mist) 1s dispersed
in the air around the machine tool. Since this o1l mist may
cause operation failures, e.g., 1n the drive control of the
apparatus, 1t 1s desired to eliminate the o1l mist as much as
possible.

For example, in a machine tool disclosed in Japanese
Laid-Open Patent Publication No. 2016-064482, concentra-
tion of the o1l mist 1s measured 1n a control panel of the
machine tool, and concentration of the oil mist 1s adjusted
based on the measurement result.

SUMMARY OF THE INVENTION

In the metal machining factory, normally, a plurality of
machine tools are provided, and various types of machining
are performed by the machine tools. The quantity of cutting
fluid used by the machining tool may vary depending on the
type of machining performed by the machining tool. There-
fore, by the floating o1l mist dispersed from the machine
tools, o1l mist concentration 1s high 1n some areas, and o1l
mist concentration 1s low in some other areas 1n the factory.
In order to achieve improvement 1n the working environ-
ment 1n the factory, 1t 1s important to recognize areas in the
tactory where the ventilation performance 1s low, and the
concentration of the oil mist tends to become high.

The present invention has been made taking the above
circumstances 1nto account, and an object of the present
invention 1s to provide an o1l mist concentration manage-
ment apparatus, an o1l mist management system, and an o1l
mist management method which make 1t possible to achieve
improvement in the working environment in a factory by
suitably 1dentifying the state of the o1l mist distribution 1n a
plurality of areas, on the area by area basis.

In order to achieve the above object, an o1l mist concen-
tration management apparatus according to the present
invention mcludes a state quantity acquisition unit config-
ured to acquire a state quantity regarding a running state of
a machine provided i each of a plurality of areas, a
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2

concentration acquisition unit configured to acquire a con-
centration of o1l mist measured 1n each of the plurality of
areas, an 1dentifying unit configured to identily whether
distribution of the o1l mist 1n the plurality of areas 1s normal
or abnormal on an areca-by-area basis, based on the state
quantity of the machine in each of the plurality of areas and
the concentration of the o1l mist 1n each of the plurality of
areas, and a noftification processing unit configured to notity
a user ol an abnormal area which has been identified as
abnormal by the identifying unait.

In the above structure, the o1l mist concentration man-
agement apparatus can suitably specily the state of the
distribution of the o1l mist in the plurality of areas on the area
by area basis, based on the state quantity of the machine
obtained by the state quantity acquisition unit and the
concentration of the o1l mist obtained by the concentration
acquisition unit. That 1s, normally, 1f the state quantity
regarding the running state of the machine 1s large, since a
large quantity of o1l mist 1s dispersed, concentration of the
o1l mist becomes high. However, in a case where the state
quantity 1s small and the concentration of the o1l mist 1s high
1n an area, 1t 1s possible to presume that the concentration of
the o1l mist has been increased due to the low ventilation
performance 1n the area. Therefore, the o1l mist concentra-
tion management apparatus can suitably recognize the
abnormal area together with factors for the high o1l muist
concentration, and the notification processing unit can notity
the user of this abnormal area. In this manner, the user can
achieve improvement 1in the working environment in the
factory. For example, improvement 1n the running efliciency
of the factory 1s expected.

In this case, as the state quantity regarding the running
state of the machine, the identifying unit may use the flow
rate of coolant used at the time of operating the machine.

The o1l mist concentration management apparatus uses
the flow rate of the coolant as the state quantity regarding the
running state ol the machine. Since the flow rate of the
coolant 1s highly correlated with the quantity of the gener-
ated o1l mist, 1t 1s possible to 1dentity the abnormal area even
more accurately.

In addition to the above structure, preferably, the oil mist
concentration management apparatus further includes an
integrated quantity calculation unit configured to calculate
integrated quantity of the coolant during operation of the
machine based on the flow rate of the coolant detected by a
flow meter, and an average tlow rate calculation umt con-
figured to calculate the average tlow rate of the coolant used
by the machine based on the integrated quantity and a time
period for which the machine 1s operated, and the identifying
unit uses the average tlow rate of the coolant as the state
quantity of the machine 1n each of the plurality of areas.

If the machining speed of the machine 1s high, since a
large quantity of coolant 1s used, the average tlow rate of the
coolant becomes high. Conversely, 1f the machining speed of
the machine 1s low, since a small quantity of coolant 1s used,
the average flow rate of the coolant becomes low. That 1s,
since the o1l mist concentration management apparatus uses
the average flow rate which 1s more highly correlated with
the o1l mist concentration, 1t 1s possible to identify the
abnormal area more accurately.

In this regard, the 1identifying unit may include a concen-
tration rank determination unit configured to determine a
relative concentration rank regarding the concentration of
the o1l mist among the plurality of areas, based on the
concentration of the o1l mist 1n each of the plurality of areas.

Further, the o1l mist concentration management apparatus
determines the relative concentration ranking among the
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plurality of areas by the concentration rank determination
unit. Thus, 1t 1s possible to recognize the relative difference
in o1l mist concentration on the area by area basis. Therefore,
it 1s possible to easily 1dentily an abnormal area.

Further, the identifying umit may further include a state
quantity rank determination unit configured to determine a
relative state quantity rank regarding the state quantity
among the plurality of areas, based on the state quantity of
the machine in each of the plurality of areas.

Further, the o1l mist concentration management apparatus
determines the relative flow rate ranking among the plurality
of areas by the state quantity rank determination unit.
Therefore, 1t 1s possible to recognize the relative difference
in the state quantity of the machine on the area by area basis.
Thus, by using the concentration ranking and the state
quantity ranking in combination, 1t 1s possible to 1dentity the
abnormal area even more easily.

Further, preferably, the identifying unit further includes a
rank comparison unit configured to compare the concentra-
tion rank and the state quantity rank to thereby extract an
area having a match or a mismatch between the concentra-
tion rank and the state quantity rank, and determine that the
area having the mismatch 1s the abnormal area.

If there 1s any mismatch between the concentration rank
and the state quantity rank, the ventilation performance of an
area having the mismatch 1s different from the ventilation
performance of the other areas where the concentration rank
matches the flow rate rank. Therefore, the 01l mist concen-
tration management apparatus can easily recognize the dii-
ference 1n the ventilation performance on the area by area
basis.

Furthermore, 1f there 1s an areca where the state quantity
rank 1s lower than the concentration rank, the rank compari-
son unit may identity that ventilation performance of the
area 1s low.

If the state quantity rank 1s lower than the concentration
rank 1n an area, though the state quantity regarding the
running state of the machine 1s low, the concentration of the
o1l mist 1s high 1n the area. Therefore, the rank comparison
unit can easily and reliably recognize that the ventilation
performance 1s low.

Preferably, the o1l mist concentration management appa-
ratus further mcludes a determination unit configured to
determine whether the concentration of the o1l mist acquired
by the concentration acquisition unit 1s larger than a thresh-
old value that 1s retained betorehand, and 1f the determina-
tion unit determines that there 1s an area where the concen-
tration of the o1l mist 1s larger than the threshold value, the
identifying unit identifies that the area 1s the abnormal area.

The determination unit can determine that the concentra-
tion of the oil mist 1s increased to some extent, and thus, the
user can recognize the relative diflerence 1n the ventilation
performance on the area by area basis even more accurately.

Further, 1in order to achieve the above object, an o1l mist
management system according to the present invention
includes a machine provided in each of a plurality of areas,
a detection device provided in each of the plurality of areas,
and configured to detect a state quantity regarding a running
state of the machine, a concentration measuring apparatus
provided in each of the plurality of areas, and configured to
measure concentration of o1l mist in each of the plurality of
areas, an o1l mist concentration management apparatus con-
figured to 1dentity whether distribution of the o1l mist 1n the
plurality of areas 1s normal or abnormal on an area-by-area
basis, based on the state quantity of the machine 1n each of
the plurality of areas and the concentration of the o1l mist in
cach of the plurality of areas, and an output device config-
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4

ured to notify a user of an abnormal area which has been
identified as abnormal by the o1l mist concentration man-
agement apparatus.

Further, 1n order to achieve the above object, an o1l mist
management method of managing o1l mist 1n a factory
having a machine 1n each of a plurality of areas, by an o1l
mist concentration management apparatus 1s provided. The
method includes a state quantity acquisition step of acquir-
ing a state quantity regarding a running state of the machine
provided 1n each of the plurality of areas, a measurement
data acquisition step of acquiring concentration of o1l mist
measured 1n each of the plurality of areas, a data processing
step of 1dentifying whether distribution of the o1l mist in the
plurality of areas 1s normal or abnormal on an area-by-area
basis, based on the state quantity of the machine 1n each of
the plurality of areas and the concentration of the o1l mist in
cach of the plurality of areas, and a noftification step of
notifying a user of an abnormal area which has been
identified as abnormal 1n the data processing step.

In the o1l mist concentration management apparatus, the
01l mist management system, and the o1l mist management
method according to the present embodiment, by suitably
determining the state of the distribution of the o1l mist 1n the
plurality of areas on the area-by-area basis, 1t 1s possible to
facilitate 1mprovement in the working environment in the
factory.

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which a preferred embodiment
of the present invention 1s shown by way of 1illustrative
example.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIG. 1 1s a view schematically showing overall structure
of an o1l mist management system according to one embodi-
ment of the present invention;

FIG. 2 1s a functional block diagram when the o1l mist
management system in FIG. 1 1s operated;

FIG. 3A 15 a table showing a manner of determining ranks
of the o1l mist concentration by a concentration rank deter-
mination unit;

FIG. 3B 1s a table showing a manner of determining ranks
of the average tlow rate of coolant by a flow rate rank
determination unit;

FIG. 3C 1s a table showing comparison between the
concentration rank and the tflow rate rank by a rank com-
parison unit;

FIG. 4 1s a flow chart showing a process flow of a data
processing apparatus of FIG. 2; and

FIG. 5 1s a flow chart showing a data processing sub-

routine of FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinatter, a preferred embodiment of an o1l mist con-
centration management apparatus, an oil mist management
system, and an o1l mist management method will be
described 1n detail with reference to the accompanying
drawings.

As shown 1n FIG. 1, an o1l mist management system 10
according to one embodiment of the present invention 1is
provided 1n a metal machining factory 12 (hereinafter also
simply referred to as the factory 12). The o1l mist manage-
ment system 10 1s provided as a system for monitoring the



US 10,458,475 B2

S

state of o1l mist floating 1n a machining room 14 of the
tactory 12. In particular, the o1l mist management system 10
recognizes the distribution state of the o1l mist i the
machining room 14 on an area-by-area basis, and recognizes
the difference 1n ventilating performance between the areas
to facilitate improvement of the working environment.

In the machining room 14 of the factory 12, for example,
a plurality of machine tools (machines) 16 (metal machining
devices) are provided. Each of the machine tools 16 cuts
metal material 1nto workpieces having predetermined
shapes, under control of a control device 16a. As described
above, at the time of machining (cutting), the cutting tluid,
etc. used by the machine tools 16 1s dispersed or scattered
into o1l mist, and the o1l mist floats 1n the machining room
14. The o1l mist management system 10 divides the machin-
ing room 14 into a plurality of (six, in FIG. 1) areas, and
monitors the floating o1l mist. Hereinafter, for ease of
explanation, alphabets A to F are assigned to the six areas,
respectively. These areas will be referred to as the area A, the
arca B, the area C, . . . , respectively.

As a method of dividing the machining room 14 1nto the
plurality of areas A to F, for example, the machining room
14 1s divided into areas for each of the machine tools 16.
Alternatively, in a case where the machining room 14 1s
partitioned by walls, resin panels, or the like into spaces,
cach of the partitioned spaces may be regarded as one area.
Alternatively, even 1f the machining room 14 1s not parti-
tioned spatially, the machining room 14 may be virtually
divided into the arecas A to F which are rectangular (or
square) areas having a predetermined size.

Each of the areas A to F 1s provided with one or more
machine tool 16 and an o1l mist concentration measuring,
apparatus 18. In this case, different types of machine tools 16
may be provided in the areas A to F. Alternatively, the same
type ol machine tools 16 may be provided 1n the areas A to
F. In the following description, the same type of machine
tools 16 are provided 1n the areas A to F. However, the types
of the machine tools 16 are not limited as long as there 1s one
or more machine tool which performs machining operation
under the environment where the o1l mist 1s dispersed.

Each of the areas A to F 1s provided with a coolant tank
20 for storing coolant (cooling medium) used as cutting o1l
during machining operation of the machine tools 16. The
machine tool 16 and the coolant tank 20 are connected by a
pipe 22. A tlow meter 24 for detecting the flow rate (supply
rate) of the coolant 1s provided at an intermediate position of
the pipe 22. In a case where a plurality of machine tools 16
are provided in one area, the coolant for the plurality of
machine tools 16 should be stored altogether 1n one coolant
tank 20, and the flow meter 24 should be configured to detect
the total flow rate of the coolant for the plurality of machine
tools 16. Alternatively, the coolant tank 20 and the flow
meter 24 may be provided for each of the plurality of
machine tools 16, and detection values of the respective flow
meters 24 may be managed altogether by a computer (not
shown).

Further, 1n the factory 12 (e.g., management room), a data
processing apparatus 26 (o1l mist concentration management
apparatus) 1s provided. The data processing apparatus 26
performs information communication through communica-
tion means such as a LAN among the machine tool 16, the
o1l mist concentration measuring apparatus 18 and the tlow
meter 24 1n each of the areas A to F. Further, the data
processing apparatus 26 1s connected to an output device 28.
The output device 28 provides information for a user who
manages the factory 12. Examples of the output device 28
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include a monitor and/or a speaker, and a notification light
provided in each of the areas.

The machine tool 16 provided in each of the areas Ato F
1s used for machining metal material, and includes the
control device 16a described above, and a drive unit 164 for
driving a tool by a servo motor or a linear motor. The control
device 16a controls operation of a tool (drive unit 165) based
on an internally stored machining program, and forms a
workpiece 1nto a predetermined shape.

One end of the pipe 22 i1s connected to the machine tool
16, and the other end of the pipe 22 1s connected to the
coolant tank 20. At the time of machining operation, the
coolant from the coolant tank 20 1s supplied to the machine
tool 16 through the pipe 22. The machine tool 16 performs
machining operation of a workpiece while blowing the
coolant as the cutting fluid onto the workpiece. It should be
noted that the coolant tank 20, the pipe 22, and the flow
meter 24 may be provided inside the machine tool 16.

A storage bath 1s used as the coolant tank 20. The storage
bath has a volume suflicient to store the coolant. Further, the
coolant tank 20 has a pump (not shown) driven by the
control device 16a of the machine tool 16. Using the pump,
a proper quantity of coolant 1s supplied to the machine tool
16.

The tlow meter 24 detects the quantity of fluid flowing
from the coolant tank 20 to the machine tool 16. This tlow
meter 24 1s a detection device configured to detect the flow
rate (supply rate) of the coolant as a state quantity related to
the running state of the machine tool 16. The type of the flow
meter 24 1s not limited specifically as long as the flow meter
24 can measure the flow rate of the coolant. An electromag-
netic flow meter, a differential pressure type tlow meter, an
ultrasonic tlow meter, a coriolis tlow meter, etc. may be used
as the flow meter 24.

Further, a flow rate integrating unit 30 (integrated quantity
calculation unit: see FIG. 2) for integrating quantity of tlow
of the detected coolant 1s provided inside the flow meter 24.
The flow rate integrating unit 30 i1s operated when the
machine tool 16 i1s driven. From the beginning of the
machining operation, the tlow rate (quantity) of the coolant
used by the machine tool 16 during the operation 1s inte-
grated to calculate the integrated quantity of the coolant
during the operation. Then, based on a command from the
data processing apparatus 26, the flow meter 24 transmaits the
integrated quantity data D1 calculated by the flow rate
integrating unit 30 to the data processing apparatus 26. It
should be noted that the flow rate integrating unit 30 may be
provided on the data processing apparatus 26 and the control
device 16a of the machine tool 16.

Further, the o1l mist concentration measuring apparatus 18
in each of the areas A to F measures the concentration of the
o1l mist dispersed and tloating around this o1l mist concen-
tration measuring apparatus 18, and transmits the measure-
ment data Dm (o1l mist concentration) to the data processing
apparatus 26. Basically, the o1l mist concentration measuring
apparatus 18 may be provided at any position 1n the area for
installation of the machine tool 16. However, more prefer-
ably, the o1l mist concentration measuring apparatus 18
should be provided at a position adjacent to the machine tool
16 1n the same area, or at a position where the ventilation
performance 1s expected to be low.

According to a possible principle of the o1l mist concen-
tration measuring apparatus 18 of this type, for example, air
containing the o1l maist 1s introduced thereinto, and the
introduced o1l mist 1s electrified, so that the mist 1s attracted
to a piezoelectric element. Based on the resulting frequency
change of the piezoelectric element at this time, the con-
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centration 1s processed into a numeric value. Alternatively,
according to another possible principle of the o1l muist
concentration measuring apparatus 18, a filter (not shown)
may be provided, and the weight change of the filter 1s
measured to process the concentration of the o1l mist 1nto a
numeric value. In still another example, air containing the
o1l mist 1s introduced thereinto, and the introduced o1l mist
1s 1rradiated with a laser in the optical system, so that the
laser 1s scattered. Based on the scattered light, the concen-
tration 1s processed into a numeric value.

The data processing apparatus 26 recognizes the relative
state of the o1l mist 1n each of the plurality of arcas Ato F
based on the o1l mist concentration 1n each of the plurality
of areas A to F and a state quantity regarding the running
state of the machine tool 16 1n each of the plurality of areas
A to F. In the embodiment of the present invention, the state
quantity regarding the running state of the machine tool 16
1s the flow rate of the coolant.

For example, a computer made up of a processor, an
input/output interface (not shown), and a memory 32 (see
FIG. 2) 1s used as the data processing apparatus 26. Alter-
natively, a management computer and/or a server which
manages the entire factory 12, or a control computer, etc.
which monitors the state of the plurality of machine tools 16
in the machiming room 14 may be used as the data process-
ing apparatus 26. Further, an mput device (not shown) 1s
connected to the data processing apparatus 26. The user
operates the mput device as necessary, and can provide
details of processes by the data processing apparatus 26 and
retained data through the output device 28.

Further, the data processing apparatus 26 realizes a soft-
ware Tunctional unit which monitors the state of the o1l mist
in the factory 12, by the processor executing a control
program (not shown) stored in the memory 32. More spe-
cifically, as shown 1n FIG. 2, the data processing apparatus
26 realizes an o1l mist concentration acquisition unit 34, a
determination unit 36, a tlow rate acquisition unit 38 (state
quantity acquisition unit), a time acquisition unit 40, a
working period calculation umt 41, an average flow rate
calculation unit 42, a comparison identifying unit 44 (1den-
tifying unit), and a notification processing unit 46.

The o1l mist concentration acquisition unit 34 receives
measurement data Dm of the o1l mist from the o1l mist
concentration measuring apparatus 18 1n each of the areas A
to F. A database 1s created 1n a manner to associate the areas
A to F with the o1l mist concentrations, and stored 1n an o1l
mist concentration storage area 32a of the memory 32. For
example, the o1l mist concentration acquisition unit 34
acquires the measurement data Dm by providing a command
to the o1l mist concentration measuring apparatus 18 at a
predetermined time period. At this time, 1n order to improve
the efliciency of processing, the time period may be
changed, e.g., by acquiring the o1l mist concentration 1n a
short sampling time period when the o1l mist concentration
1s high, and acquiring the oil mist concentration 1n a long
sampling time period when the o1l mist concentration 1s low.
Further, the o1l mist concentration acquisition unit 34 may
automatically obtain measurement data Dm from the o1l mist
concentration measuring apparatus 18.

The determination unit 36 determines the o1l mist con-
centration of each of the areas A to F stored 1n the memory
32. More specifically, based on acquisition of the measure-
ment data Dm, the determination unit 36 reads a threshold
value Th for determining the o1l mist concentration stored in
a threshold value storage area 326 of the memory 32, and the
o1l mist concentration stored 1n the o1l mist concentration
storage area 32q, and then compares the threshold value Th
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with the o1l mist concentration. The threshold value Th 1s
determined beforehand as an averaged numeric value of the
upper limit of the allowable o1l mist concentration 1n the
entire machining room 14. For example, 2.0 [mg/m’] is
determined as the threshold value Th. Further, the threshold

value Th may be determined for each of the areas depending
on the environment of each of the areas A to F.

If the determination unit 36 determines that the o1l mist
concentration 1n a certain area has become larger than the
threshold value Th, the determination unit 36 operates the
data processing apparatus 26 to implement recognition con-
trol for recognize the state of the o1l mist 1n each of the areas
A to F. When the o1l mist concentration 1s the threshold value
Th or less, recognition control 1s not implemented. This 1s
because, when the o1l mist concentration 1s low, the o1l mist
does not significantly affect the machine tool 16, and 1t 1s
diflicult to accurately recognize the difference of the venti-
lation performance on the area-by-area basis. At the time of
implementing the recognition control, the determination unit
36 instructs the flow meter 24 of each of the areas A to F to
transmit the mtegrated quantity data D1 of the coolant, to the
data processing apparatus 26.

The flow rate acquisition unit 38 stores the integrated
quantity data D1 of the coolant outputted from the flow meter
24 based on the 1nstruction of the above described determi-
nation unit 36, and stores the integrated quantity data D1 1n
an integrated quantity storage area 32¢ of the memory 32. It
should be noted that the tlow rate acquisition unit 38 may
periodically acquire and update the integrated quantity data
D1 of the flow meter 24 regardless of processing by the
determination unit 36.

When the machine tools 16 in the areas A to F start
machining operations, the time acquisition umt 40 receives
the start time from each of the machine tools 16, and stores
the start time 1n a time storage area 32d of the memory 32.
Further, the time acquisition umt 40 receives the determi-
nation time when implementation of recognition control 1s
determined by the determination unit 36, and stores the
determination time 1n the time storage areca 32d of the
memory 32.

The working period calculation unit 41 reads the deter-
mination time and the start time stored in the memory 32,
and subtracts the start time from the determination time to
thereby calculate the working period for each of the machine
tools 16 of the areas A to F, and stores the working period
in the time storage area 324 of the memory 32. In the
embodiment of the present invention, the working period 1s
calculated 1n minutes.

For each of the areas A to F, the average flow rate
calculation unit 42 calculates the average tflow rate per unit
time (per minute) of the coolant used by the machine tools
16 of the areas A to F, based on determination about
implementation of the recognition control by the determi-
nation unit 36. Specifically, the integrated quantity of the
coolant stored in the memory 32 1s divided by the working
period calculated by the time acquisition unit 40 to thereby
obtain the average tlow rate of the coolant. The average tlow
rate of the coolant 1s calculated for each of the plurality of
areas A to F. In a case where a plurality of machine tools 16
are provided 1n one area, the average flow rate of coolant
used 1n the area 1s calculated. The average tlow rate calcu-
lation unit 42 associates the calculated average tlow rate 1n
cach of the areas A to F with each of the areas A to F to create
a database, and stores the database 1n an average tlow rate
storage area 32¢ of the memory 32.

The comparison i1dentifying unit 44 1s a functional unit
configured to read the o1l mist concentration and the coolant
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average tlow rate of each of the areas A to F stored in the
memory 32, and identily the difference in the relative
ventilation performance among the areas A to F. Hereinafter,

the principle of this identification procedure will be
described.

Normally, as the running quantity (state quantity regard-
ing the running state of the machine tool 16) becomes larger,
so the quantity of cutting fluid used by the machine tool 16
becomes larger. Therefore, the quantity of o1l mist dispersed
around the machine tool 16 1s increased as well. Conversely,
if the running quantity i1s small, since the quantity of the
cutting fluid used by the machine tool 16 becomes small, the
quantity of o1l mist dispersed around the machine tool 16 1s
decreased as well. However, the ventilation performance 1n
the machining room 14 1s aflected by an air conditioning
system, the layout (positions) of the machine tools 16 and an
o1l mist removing apparatus, partitions, etc. Therefore, the
o1l mist concentration tends to become high 1 some posi-
tions 1n the machining room 14 as described above. Further,
the ventilation performance in the machining room 14 may
change simply by temporarily placing baggage, etc. therein.
Therefore, 1t 1s desired to continue monitoring as much as
possible while the factory 12 1s running.

In this regard, assuming that there 1s an area where a large
quantity of o1l mist 1s dispersed (1.e., the concentration of the
o1l mist 1s high) even if the running quantity of the machine
tool 16 1s small, the ventilation performance of the area can
be regarded as being low. Conversely, assuming that there 1s
an arca where a small quantity of o1l mist 1s dispersed even
if the running quantity of the machine tool 16 1s large, the
ventilation performance of the area can be regarded as being
high. Thus, based on the oil mist concentration and the
running quantity of the machine tool 16, the o1l mist
management system 10 i1dentifies an area having low ven-
tilation performance.

In the embodiment of the present invention, the runming
quantity of the machine tool 16 1s obtained by the average
flow rate of the coolant which 1s highly correlated with the
o1l mist concentration. That 1s, if the running quantity is
large, the machining rate of machining the workpiece 1s
high, and a large quantity of the cutting fluid 1s used.
Therefore, the average flow rate of the coolant becomes
high. Conversely, i the running quantity 1s small, the
machining rate of machiming the workpiece i1s low, and a
small quantity of the cutting fluid i1s used. Therefore, the
average flow rate of the coolant becomes low.

In view of the above, the 01l mist management system 10
checks whether or not the level of the o1l mist concentration
matches the level of the average coolant flow rate on the area
by area basis. In this manner, the o1l mist management
system 10 can recognize the state of o1l mist distribution.
Therefore, at the time of implementing recognition control,
a concentration rank determination unit 50, a flow rate rank
determination unit 32 (state quantity rank determination
unit), and a rank comparison unit 54 are provided inside the
comparison 1dentifying unit 44.

The concentration rank determination unit 50 reads the
database of the o1l mist concentration of each of the areas A
to F stored 1in the memory 32, and determines the ranking of
the o1l mist concentrations of the areas. For example, as
shown 1n FIG. 3A, 1t 1s assumed that the concentration data
of the area A is 3.0 [mg/m°], the concentration data of the
area B is 2.5 [mg/m’], the concentration data of the area C
is 2.0 [mg/m°], the concentration data of the area D is 1.5
[mg/m?], the concentration data of the area E is 1.0 [mg/m~],
and the concentration data of the area F is 0.5 [mg/m’]. In
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this case, the concentration rank determination unit 50 gives
ranks 1 to 6 in the order of A to F.

The flow rate rank determination unit 52 reads the data-
base of the average tlow rate of the coolant of the areas A to
F stored 1in the memory 32, and determines the ranking of the
average coolant flow rates of the areas. For example, as
shown 1n FIG. 3B, it 1s assumed that the average flow rate
data 1n the area A 1s 10 [L/min], the average flow rate data
in the area B 1s 30 [L/min], the average tlow rate data 1n the
area C 1s 5 [L/min], the average flow rate data 1n the area D
1s 20 [L/min], the average flow rate data in the area E 1s 3
[L/min], and the average flow rate data in the area F 1s 1
|L/min]. In this case, the flow rate rank determination unit 52
determines that the area B having the highest average tlow
rate 1s the first rank, the area D having the second highest
average flow rate 1s the second rank, the area A having the
third highest average flow rate 1s the third rank, the area C
having the fourth highest average flow rate 1s the fourth
rank, the area E having the fifth highest average flow rate 1s
the fifth rank, and the area F having the sixth highest average
flow rate 1s the sixth rank.

As shown i FIG. 3C, the rank comparison unit 54
compares the ranks of the o1l mist concentration of the areas
A to F determined by the concentration rank determination
unit 50 with the ranks of the coolant average tlow rate of the
areas A to F determined by the flow rate rank determination
unit 52 to thereby 1dentify the area(s) having low ventilation
performance. Hereinafter, the rank of the oil mist concen-
tration 1n each of the areas A to F will be referred to as the
concentration rank, and the rank of the coolant average tlow
rate 1n each of the areas A to F will be referred to as the flow
rate rank (state quantity rank).

Specifically, the rank comparison unit 34 1dentifies an area
where the flow rate rank 1s lower than the concentration rank
(1.e., an area 1n which the concentration rank< the flow rate
rank in the numeric values of the ranks). In the illustrated
example, as indicated by asterisks (*), the areas A and C are
identified. That 1s, the area where the flow rate rank 1s lower
than the concentration rank 1s an area where a large quantity
of o1l mist 1s present even though the runming quantity of the
machine tool 16 1s small. Thus, 1t 1s possible to presume that
the area 1s an abnormal area having low ventilation perfor-
mance. Further, i1t 1s presumed that an area where the flow
rate rank 1s equal to the concentration rank (concentration
rank=flow rate rank) 1s an area having the normal relation-
ship between the running quantity of the machine tool 16
and the o1l mist concentration. When 1dentifying the area(s)
having the low ventilation performance by the above com-
parison, the rank comparison unit 54 transmits the 1dentifi-
cation result to the notification processing unit 46.

It should be noted that the rank comparison unit 34 may
identily an area where the concentration rank 1s higher than
the flow rate rank (concentration rank> flow rate rank) at the
time of comparison, and recognize the area having high
ventilation performance as an abnormal area. In this manner,
the o1l mist management system 10 may notify the user of
the area having the high ventilation performance, and
prompt the user to take a suitable action (e.g., improvement
of the air conditioning system) to thereby achieve a uniform
distribution of the o1l mist concentration in the entire
machining room 14.

When the notification processing unit 46 receives infor-
mation that an area having low ventilation performance has
been 1dentified, from the comparison identifying unit 44, the
notification processing unit 46 1ssues a notification to the
cllect that the area has low ventilation performance, through
the output device 28. For example, the notification process-
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ing unit 46 generates abnormality occurrence 1image infor-
mation to be displayed on a monitor of the output device 28.
This abnormality occurrence image information includes a
map and a plurality of areas in the machining room 14. For
example, by displaying the area(s) having low ventilation
performance among the plurality of areas 1n warning colors
or in a blinking manner, a warning 1s given to the user who
checks the monitor, in order to draws the user’s attention.
Further, the output device 28 may output an alarm concemn-
ing the area having the low ventilation performance through
a speaker or a notification light.

The o1l mist management system 10 according to the
embodiment of the present invention basically has the
structure as described above. Hereinafter, the eflects and
advantages of the o1l mist management system 10 will be
described below.

At the time of running of the factory 12, operation of the
machine tool 16, the o1l mist concentration measuring appa-
ratus 18 and the tlow meter 24 1s started by the user on the
area by area basis. Therefore, the machine tool 16 1s placed
in a condition where machining can be started, and the o1l
mist concentration measuring apparatus 18 is placed 1n a
state where the o1l mist concentration around the apparatus
can be measured. The flow meter 24 1s placed in a condition
where the flow volume of the coolant used by the machine
tool 16 can be integrated. Further, the o1l mist management
system 10 operates the data processing apparatus 26 to
implement the control for recognizing the state of the oil
mist floating 1n the machining room 14.

As shown 1n FIG. 4, the data processing apparatus 26
receives information about the start signal and the start time,
alter starting operation, from the machine tool 16 of the area
where machining operation has been started (step S1). As a
result, the data processing apparatus 26 recognizes operation
of the machine tool 16 in each of the areas A to F defined
betorehand by dividing the machining room 14, and the time
acquisition unit 40 stores the received start time in the
memory 32.

Next, the o1l mist concentration acquisition umt 34 out-
puts a transmission command of the measurement data Dm
at each predetermined timing, to the o1l mist concentration
measuring apparatus 18 in each of the areas Ato F (step S2).
Based on this command, the o1l mist concentration measur-
ing apparatus 18 measures the o1l mist concentration, and
outputs the measurement data Dm. Thus, the o1l mist con-
centration acquisition unit 34 receives the measurement data
Dm (step S3: measurement data acquisition step), and stores
the measurement data Dm 1n the memory 32 as oil mist
concentration.

The determination unit 36 of the data processing appara-
tus 26 compares the received o1l mist concentration with a
threshold value Th, which 1s retained beforehand, and deter-
mines whether or not the o1l mist concentration 1s larger than
the threshold value Th (step S4). Then, 1n a case where the
o1l mist concentration 1s the threshold value Th or less, the
routine returns to step S2. If the o1l mist concentration 1s
larger than the threshold value Th, the control proceeds to
step S5, 1n which recognition control to recognize the state
of the o1l mist of each of the areas A to F 1s performed.

In step S5, the determination unit 36 outputs a transmis-
sion command of the integrated quantity data Di of the
coolant to the flow meter 24 of each of the areas A to F. The
flow meter 24 of each of the areas A to F detects the flow rate
of the coolant during operation of the machine tool 16, and
the flow rate integrating unit 30 calculates integration data of
the coolant. Therefore, the flow rate acquisition unit 38 of
the data processing apparatus 26 receives the integrated
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quantity data D1 of the coolant from the flow meter 24 of
cach of the areas A to F (step S6: state quantity acquisition
step).

Further, the time acquisition unit 40 receives the deter-
mination time from the determination unit 36, and stores the
determination time in the memory 32 (step S7). Thereafter,
the data processing apparatus 26 implements a data process-
ing sub-routine for recogmzing the state of the o1l mist 1n
cach of the areas A to F (step S8: data processing step).

As shown 1n FIG. 5, in the data processing sub-routine,
firstly, the working period calculation unit 41 calculates the
working period of the machine tool 16 of each of the areas
A to F based on the start time and the determination time of
the machine tool 16 (step S11). Next, the average flow rate
calculation unit 42 calculates the average tlow rate of the
coolant of each of the areas A to F based on the integrated
quantity data D1 of the coolant acquired 1n step S6 and the
working period calculated by the time acquisition unit 40 in
step ST (step S12).

Then, the flow rate rank determination unit 52 of the
comparison identifying unit 44 determines ranks of the
average flow rate of the coolant of the areas A to F based on
the calculated average tlow rate of the coolant (step S13: see
also FIG. 3B).

Further, the concentration rank determination unit 50 of
the comparison identifying unit 44 determines ranks of the
o1l mist concentration of each of the areas A to F based on
the o1l mist concentration stored in the memory 32 (step S14:
also see FIG. 3A). It should be noted that steps S11 to S13
may be performed concurrently with step S14.

Thereatter, the rank comparison unit 54 of the comparison
identifying unit 44 compares the concentration rank and the
flow rate rank of each of the areas A to F, and determines
whether or not there 1s any area where the concentration rank
1s smaller than the flow rate rank (step S13). Then, if there
1s any area where the concentration rank 1s smaller than the
flow rate rank, the routine proceeds to step S16. If there 1s
no area where the concentration rank 1s smaller than the flow
rate rank, the o1l mist concentration matches the runmng
quantity (coolant average tlow rate) of the machine tool 16
in each of the areas A to F. Therefore, it 1s recognized that
there 1s no problem 1n the ventilation performance in each of
the areas A to F, and the data processing sub-routine 1s
finished.

In step S16, the rank comparison unit 54 extracts all the
areas where the concentration rank 1s smaller than the flow
rate rank (see also FIG. 3C). Thereafter, the notification
processing unit 46 generates notification contents (abnor-
mality occurrence 1mage information) regarding the
extracted area, and notifies the information by issuing an
alarm by the output device 28 (displays the abnormality
occurrence image information on the monitor) (step S17:
notification step). In this manner, the user can recognize the
arca having the low ventilation performance. By taking an
action to decrease the o1l mist concentration, it becomes
possible to achieve improvement in the working environ-
ment.

When the data processing sub-routine 1s finished, the
routine returns to the main routine shown in FIG. 4, and the
process flow of the data processing apparatus 26 1s finished.
Further, 1n a case where the machine tools 16 1n the areas A
to F continue machining operation, the data processing
apparatus 26 should repeat the above process tlow again.

As described above, 1n the o1l mist management system
10 and the o1l mist management method, based on the state
quantity (coolant average tlow rate) regarding the o1l mist
concentration and the running state of the machine (e.g., the
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machine tool), 1t 1s possible to suitably specily the state of
the o1l mist concentration in the plurality of areas, on the
area by area basis. That 1s, in the case where the coolant
average tlow rate 1s small and the o1l mist concentration 1s
high, the data processing apparatus 26 can presume that the
o1l mist concentration 1s high due to the low ventilation
performance of the area. Therefore, since the user 1s notified
of the abnormal area by the output device 28, the user can
recognize the abnormal area, and 1t 1s possible to achieve
improvement in the working environment 1n the machining
room 14. For example, improvement in the running efli-
ciency of the factory 12 1s expected.

In this case, since the state quantity regarding the running,
state of the machine 1s the flow rate of the coolant, the o1l
mist management system 10 can detect the state quantity
casily by the flow meter 24. Further, in the case where the
machine 1s the machine tool 16, since the flow rate of the
coolant 1s highly correlated with the quantity of the gener-
ated o1l mist, 1t 1s possible to 1dentily the abnormal area even
more accurately. Further, since the data processing apparatus
26 uses the average flow rate which 1s more highly corre-
lated with the o1l mist concentration, 1t 1s possible to 1dentily
the abnormal area more accurately.

The data processing apparatus 26 determines the relative
concentration ranks among the plurality of areas by the
concentration rank determination unit 50. In this manner, the
data processing apparatus 26 can recognize the relative
difference of the o1l mist concentration on the area by area
basis. Further, since the data processing apparatus 26 deter-
mines the relative flow rate ranks among the plurality of
arecas by the flow rate rank determination unit 52, it 1s
possible to recognize the relative diflerence 1n the average
flow rate of the coolant used by the machine tool 16 on the
area by area basis. Thus, by using the concentration rank and
flow rate rank 1n combination, it 1s possible to identily the
abnormal area even more easily. At this time, upon com-
parison between the concentration rank and the flow rate
rank, if it 1s found that there 1s any mismatch between these
ranks, the ventilation performance of the area having the
mismatch 1s different from the ventilation performance of
the other area where the concentration rank matches the flow
rate rank. Therefore, the data processing apparatus 26 can
casily recognize the difference i the ventilation perfor-
mance on the area by area basis. Further, 1f the flow rate rank
1s lower than the concentration rank, even though the
average tlow rate of the coolant in the area 1s low, the o1l mist
concentration 1s high. Thus, 1t 1s possible to easily and
reliably recognize that the ventilation performance 1s low in
the area.

The o1l mist management system and the o1l mist man-
agement method according to the present mnvention are not
limited to the above embodiments, and various applications
and modifications can be adopted. For example, 1 the
embodiment of the present invention, as the state quantity
(running quantity) regarding the runmng state of the
machine, though the flow rate of the coolant 1s utilized, the
running quantity of the machine 1s not limited to the flow
rate of the coolant. Alternatively, as the state quantity
regarding the running state of the machine, electric power
consumed while the machine tool 1s running may be used.
Further, alternatively, as the state quantity regarding the
running state of the machine, by referring to a machiming,
program of the machine tool, the movement quantity of the
tool or the processing load of the program may be extracted
and used.

Further, for example, the data processing apparatus 26
may be configured not to determine the o1l mist concentra-

10

15

20

25

30

35

40

45

50

55

60

65

14

tion by the determination umt 36. In this case, the data
processing apparatus 26 may implement the above recogni-
tion control at the time after a certain period of time has
clapsed from the start of runming of the factory 12. Alter-
natively, the recognition control may be implemented peri-
odically. Alternatively, the determination unit 36 may not
only implement the recognition control at the time when the
o1l mist concentration 1n one area exceeds a threshold value,
but also implement recognition control at the time when the
o1l mist concentration 1 a predetermined number of areas
(e.g., three areas) exceeds the threshold value.

Further, 1n the case where the o1l mist concentration 1n a
certain area 1s extremely higher than the o1l mist concen-
trations of the other areas, the data processing apparatus 26
may 1ssue a warning (1ssues a notification of an alarming
level which 1s higher than drawing the user’s attention) by
the output device 28.

The present invention 1s not limited to the above
described embodiment. It 1s a matter of course that various
modifications can be made without deviating from the scope
ol the present mnvention. For example, the o1l mist manage-
ment system 10 may not necessarily be applied to the factory
12. The o1l mist management system 10 may be applicable
to various environments where o1l mist 1s generated.

What 1s claimed 1s:

1. An o1l mist concentration management apparatus com-
prising;:

a state quantity acquisition unit configured to acquire a
state quantity regarding a running state of a machine
provided 1n each of a plurality of areas;

a concentration acquisition unit configured to acquire a
concentration of o1l mist measured m each of the
plurality of areas;

an 1dentifying unit configured to identify whether distri-
bution of the o1l mist 1n the plurality of areas i1s normal
or abnormal on an area-by-area basis, based on the state
quantity of the machine 1n each of the plurality of areas
and the concentration of the o1l mist 1n each of the
plurality of areas; and

a notification processing unit configured to notily a user
of an abnormal area which has been identified as
abnormal by the identifying unit,

wherein

the 1dentifying unit uses, as the state quantity regarding
the running state of the machine, a flow rate of coolant
used at time of operating the machine,

the 1dentifying unit includes
a concentration rank determination unit configured to

determine a relative concentration rank regarding the
concentration of the o1l mist among the plurality of
areas, based on the concentration of the oil mist 1n
cach of the plurality of areas,

a state quantity rank determination unit configured to
determine a relative state quantity rank regarding the
state quantity among the plurality of areas, based on
the state quantity of the machine 1n each of the
plurality of areas,

a rank comparison unit configured to compare the
concentration rank and the state quantity rank to
thereby extract an area having a match or a mismatch
between the concentration rank and the state quantity
rank, and determine that the area having the mis-
match 1s the abnormal area.

2. The o1l mist concentration management apparatus
according to claim 1, further comprising:

an integrated quantity calculation unit configured to cal-
culate integrated quantity of the coolant during opera-




according to claim 1, wherein, if there 1s an area where the
state quantity rank 1s lower than the concentration rank, the
rank comparison unit identifies that ventilation performance
of the area 1s low.
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tion of the machine based on the tlow rate of the coolant
detected by a flow meter; and

an average tlow rate calculation unit configured to calcu-
late an average flow rate of the coolant used by the
machine based on the integrated quantity and a time
period for which the machine 1s operated,

wherein the 1dentifying unit uses the average tflow rate of
the coolant as the state quantity of the machine in each
of the plurality of areas.

3. The o1l mist concentration management apparatus

4. The o1l mist concentration management apparatus

according to claam 1, further comprising a determination
unit configured to determine whether the concentration of
the o1l mist acquired by the concentration acquisition unit 1s
larger than a threshold value that i1s retained beforehand,

wherein 1f the determination unit determines that there 1s
an area where the concentration of the o1l mist 1s larger
than the threshold value, the 1dentifying unit identifies
that the area 1s the abnormal area.

5. An o1l mist management system comprising:

a machine provided in each of a plurality of areas;

a detection device provided in each of the plurality of
areas, the detection device being configured to detect a
state quantity regarding a runming state of the machine;

a concentration measuring apparatus provided in each of
the plurality of areas, the concentration measuring
apparatus being configured to measure concentration of
o1l mist in each of the plurality of areas;

an o1l mist concentration management apparatus config-
ured to i1dentily whether distribution of the o1l mist in
the plurality of areas 1s normal or abnormal on an
area-by-area basis, based on the state quantity of the
machine 1 each of the plurality of areas and the
concentration of the o1l mist in each of the plurality of
areas; and

an output device configured to notily a user of an abnor-
mal area which has been identified as abnormal by the
o1l mist concentration management apparatus,

wherein

the o1l mist concentration management apparatus uses, as
the state quantity regarding the running state of the
machine, a tlow rate of coolant used at time of oper-
ating the machine,

the o1l mist concentration management apparatus includes
a concentration rank determination unit configured to

determine a relative concentration rank regarding the
concentration of the oil mist among the plurality of
areas, based on the concentration of the oil mist 1n
cach of the plurality of areas,
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a state quantity rank determination umt configured to
determine a relative state quantity rank regarding the
state quantity among the plurality of areas, based on
the state quantity of the machine 1n each of the
plurality of areas,

a rank comparison umt configured to compare the
concentration rank and the state quantity rank to
thereby extract an area having a match or a mismatch
between the concentration rank and the state quantity
rank, and determine that the area having the mis-
match 1s the abnormal area.

6. An o1l mist management method of managing o1l mist

in a factory having a machine in each of a plurality of areas,
by an o1l mist concentration management apparatus, the

method comprising:

a state quantity acquisition step ol acquiring a state
quantity regarding a running state ol the machine
provided in each of the plurality of areas;

a measurement data acquisition step of acquiring concen-
tration of o1l mist measured 1n each of the plurality of
areas;

a data processing step of 1dentitying whether distribution
of the o1l mist in the plurality of areas i1s normal or
abnormal on an area-by-area basis, based on the state
quantity of the machine 1n each of the plurality of areas
and the concentration of the o1l mist 1n each of the
plurality of areas; and

a notification step of notifying a user of an abnormal area
which has been identified as abnormal 1n the data
processing step,

wherein

as the state quantity regarding the running state of the
machine, a tlow rate of coolant used at time of oper-
ating the machine 1s used,

the data processing step includes
a concentration rank determination step that determines

a relative concentration rank regarding the concen-
tration of the o1l mist among the plurality of areas,
based on the concentration of the o1l mist 1n each of
the plurality of areas,

a state quantity rank determination step that determines
a relative state quantity rank regarding the state
quantity among the plurality of areas, based on the
state quantity of the machine in each of the plurality
of areas,

a rank comparison step that compares the concentration
rank and the state quantity rank to thereby extract an
area having a match or a mismatch between the
concentration rank and the state quantity rank, and
determine that the area having the mismatch is the
abnormal area.
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